Rayleigh wave data were recorded by a single vertical high-gain seismograph located in north Texas. It was found that Rayleigh waves propagating in a continental pata over the pole to this station exhibited very stable dispersion characteristics, particularly in the period range 35-75 sees:
INTRODUCTION
described the classical "peakand-trough" method of determining a fundamental dispersion curve from a -single surface wave coda. Sato (1955) applied
Fourier analysis to the calculation of dispersion curves.
These techniques have been improved upon (Block and Hales, (1968) , Landisman, et al (1969) and Dziewonski, et al (1969)) and an overall processing system was devised combining Fourier analysis ana time-varying filters, enabling the calculation of, not only the fundamental phase and group velocity curves, but also the curves for the higher modes. In particular, once a group velocity curve has been obtained it is possible to design a time varying filter that extracts a single dispersed mode and effects a significant improvement in the signal-tonoise ratio. The filtered output is then an estimate of the true signal. Dziewonski, et al (1968) summarizes these methods and it is evident that they extract the maximum amount of information from the surface wave signal. Nevertheless, ■■.wn.-x-.l'H^L . IIWI.I I .imi I .nuvmil .inraiwilill.. imnuiJIUl 1111^1 II I LI I I I II I 'J" iui illliil^lfi. .IIIIMäIIJH,"! »^^^IWBI ^i ■H.iini mill j i.j IIIIH possible to develop a fast, simple digital technique for the analysis.
In this paper we describe a scheme which estimates the fundamental group velocity dispersion curve from a seismogram, and then constructs a "matched" filter based on the estimated-curve. This matched, or chirp, filter can then be used to operate on signals with low signal-to-noise ratios.
*^^^ -.. . The seismometers were sealed in such a manner that the masses were not subject to buoyancy effects from atmospheric pressure changes. The systems were of the "advanced" long period type which are operated with a peak magnification at a period of 50 sees. Sorrells et al. (1971) have shown that if such a system is operated at a site which is remote from seismic noise generated by atmospheric processes, the spectra of the long period noise exhibits a minimum in the period range 20-60 sec. Careful installation of these seismographs at a depth of about 180 m enabled the vertical seismograph, the only one used in the present study, to be operated at a magnification of 200,000.
The data were recorded on a digital acquisition system described by Herrin and McDonald (1971) after sampling at a rate of 1 per second.
The recorded seismograms were associated with source parameters and body wave magnitudes provided in Preliminary
Determination of Epicenters (PDE) issued by NCAA.
-1- and Press, (1952) . The time of the "actual" zero crossing was calculated by triangulation between the last point immediately prior to a zero crossing, and the first point immediately after it. The initial zero crossing time, (T ) was stored, and at the next zero crossing, {T^ the first period, (P-^ was computed. ^ and P 1 were then stored and the seach continued until the window was exhausted. For i = 1, 2, ..., N, the group velocites and the periods were computed from
.). .
where N = the number of zero crossings in the window, A= the epicentral distance from event to station in km, and TT. = the observed travel time from source to the ith zero crossing.
Since the actual zero crossing occurred within a one second interval any variation must be less than one second. As a conservative approximation, we assumed the error to be uniform; 2 thus the variance was 1/12 sec . Since T. and 0 are independent observations their variances may be added. We thus take 1.00 sec 2 as a reasonable variance for each TT^ From Tucker et al. (1968) and Herrin et al. (1968) a reasonable variance in A is 900 km 2 . We then have 
Rayleigh waves for three events located in the Arctic (Table 1) at similar epicentral distances and similar azimuths. Data from an event in Siukiang Province along a similar azimuth, but at a greater distance, (Table 1) In this velocity range we estimated, for the purposes of this study, an average dispersion curve.
Using group velocity as the independent variable the data for each event were grouped into cells of width 0.5 km/sec.
Within each cell the data were ordered according to period value end the sample median was computed. The cell midpoint
velocities and median periods were stored as data pairs.
The sample median was chosen as a measure of central tendency because it is more efficient than the sample mean in the presence of outliers (Dixon, 1953) In the velocity range 3.50 to 4.00 km/sec the sample median periods are observations on a single curve; therefore, adjacent points are related and a smoothing operator should improve the results. Furthermore, in the velocity range 2.90 to 3.50 km/sec only a representative smooth curve was desired, and a three point moving average operator was applied to the sample period values. The operator is given by
where That is, the curves are not statistically different in the velocity range 3.50 to 3.90 km/sec, and, in the range 2.90 to 3.50 km/sec, the smoothed curves indicate that the actual paths do not produce markedly different dispersions curves at these short periods.
In view of the similarity of the curves we combined the data from the four events and estimated a composite group velocity dispersion curve shown in Figure The composite curve can be seen to fall within the error bounds. Furthermore, the composite curve is in good agreement with the results of Ewing and Press (1956) who reported a group velocity of about 3.9 km/sec at a period of 75 sec.
The smoothed data points are given in tabular form in Table 2 .
-8-
We have shown that, for our seismograph station in north Texas, we can assume a single group velocity dispersion curve for the continental path over the pole. We can then design "matched", or chirp, filters to aid in the detection of surface waves from small earthquakes traversing the same path.
A program was written which produced a sine wave that decreased in period with time, the dispersion being a function of epicentral distance. Such waveforms have been given the name 'chirp" in radar technology. In this case the information used to distance -function were from Table 2 . The following assumptions were made?
(i) the first arriving energy is at the maximum period observed, and
(ii) between the data points of Table 2 «IJPUM-WIW» *****
APPLICATION OF THE CHIRP FILTER
The chirp filter constructed from the dispersion curve in Figure 5 was applied to four different sets of seismograms.
First, it was convolved with the original seismograms used to construct the dispersion curve; second, with other events remote from the first four; third, as detector of surface waves with a low signal-to-noise ratio; and fourth, as a means of separating "mixed" Rayleigh waves.
In order to remove very long period energy each seismogram was filtered prior to being convolved with the chirp filter. The high-pass digital filter used had a corner at 50 sec and fell at 36 db/octave to a minimum at a period of 100 sec. ^pm.vm«* (WWW"».!" 1 "..! i,»ui«> i.iii.iii.iai.fpn^wmm.m i«Ninw^pi<,«J>UJ|iM.i»iH'ii.iw»lui JiuWH" ■ i I«I » m in" iiw. P w.i ■ jiiw IIJ^IUJ ptijiiijjiiiijuwij«.! iM-'i \l|J«.i«',J
DISCUSSION
We have described above a new approach to the "peak and trough" method of surface wave analysis which has been used to determine group velocity dispersion curves. The machine measurements proved to be at least as good as those of an experienced analyst, and could be produced much faster A further advantage was gained in the present analysis from the special properties of the seismograph system.
Many previous surface wave studies have used data from the World-Wide Standard Seismograph Network recordings in which the peak period of the calibration response is at 20 sec.
In our systems, the peak response proved to lie within the "stable"portion of the group velocity dispersion curve.
This type of analysis, while being quick and computationally easy, nevertheless has its problems. Any non-leasttime arrivals will impair the estimation of the dispersion curve; the technique does not give as much information as that of Dziewonski et al. (1969) , which places a restriction on the use of the method.
Nevertheless, by carefully selecting events with a large signal-to-noise ratio, and with an absence of either higher modes or very long period surface waves, it has been In addition to the events mentioned in the previous sections of this paper, seismograms from the other events listed in table 3 were processed. In some cases the autocorrelations displayed low signal-to-noise ratios, but in every search for an event reported by NOAA, an event was detected; unreported events were also detected. Thus further study is required to determine operational detection thresholds and false alarm rates.
-17- It has been shown in recent years (e.g. Roy et al. 1972) that the western United States, known structurally as the Basin and Range Province, is characterized by high temperatures in the lower crust and upper mantle. This region, which is known to extend up the western part of Canada, is also a poor transmitter of long period surface waves. A particularly good example of this phenomenum can be seen in figure 11 . The
Greenland Sea event (table 1) , as recorded at Grand Saline, is compared to the same event recorded at Queen Creek, Arizona.
This station (Fix and Sherwin, 1970) is located in the heart of the Basin and Range Province. The gains of the seismographs at the two stations were egualized at 50 sec, but it will be seen that the longer period surface waves are virtually missing at the Queen Creek site.
To the east the continental United States are characterized by the Atlantic and Gulf coastal plains. Furthermore, the central plains are known to have relatively low temperatures .il
-----I^WIPUIJIWIIPIIBP^ in the lower crust and upper mantle (Roy, et al., 1968, Combs and Simmons, 1973) which provides an exceptionally good path for Rayleigh waves with periods from 20-75 sec. Our detection station in north Texas is, essentially, at the southern end ot a surface wave guide which passes over the north pole (Figure 12 ).
The analog plots of the seismograms used in the study were analysed, after they had ber . high-pass filtered, for the presence of detectable Iv^ves. Using the formula M = log !^! + 1.66 log A -0-18, which can be easily derived (Gutenberg, 1945) , values of M s were found where A is the peak-to-peak amplitude, in itya, of the surface wave at a period of T=20 sec, and A is the distance from epicenter to detector, in degrees. The results of these computations are given in tables 1 and 3, where the values of M s are compared to the values of n^ determined by NOAA.
using the data presented in this study an interim detection threshold has been determined for our Grand Saline recording station. For events travelling within the polar waveguide this threshold is at M s = 3-5, for a single vertical seismometer, which is eguivalent to a threshold of m, = 4-5 for events at depths of less than 50 km.
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Response of the seismograph system.
Rayleigh wave dispersion information recorded in north Texas for three events (see table 1), (a) North of Svalbard, (b) Greenland Sea, (c) Norwegian Sea.
Rayleigh wave dispersion information recorded in north Texas for an event in Sinkiang Province (see table 1 ).
Rayleigh wave dispersion curves for the four events in table 1 after smoothing (a) North of Svalbard (b) Greenland Sea (c) Norwegian Sea (d) Sinkiang Province.
Composite Rayleigh wave dispersion curve for the four events in table 1 in conjunction with continental dispersion curve due to Oliver (1062).
Typical dispersed sine wave, or chirp filter, derived from the dispersion curve shown in figure 4 (b) .
Convolution of the chirp filter derived from the curve in figure 5 with each of the four events given in table 1 (a) North of Svalbard, (b) Greenland Sea (c) Norwegian Sea (d) Sinkiang Province.
Convolution of the chirp filter derived from the curve in figure 5 with three of the events given in table 3-events from very different locations.
Convolution of the chirp filter derived from the curve in figure 5 with an event from the Hindu-Kush (table 3) 3. Data for the other events used in this study.
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